The self-consistent, Poincard invariant and unitary three-particle scattering theory developed in a previous paper is extended to include angular momentum conservation and individual particle spin. The treatment closely follows that of the scalar case, with the complete set of angular momentum states for three free particles developed by Wick used in place of scalar plane wave states.
Introduction
In a previous -paper1 we presented a self-consistent, Poincare' invariant and unitary scattering theory for three distinguishable scalar particles of finite mass.
The goal of this paper is to extend the treatment to particles of arbitrary spin and to include the effects of angular momentum conservation. A complete orthonormal set of angular momentum states for three free particles is developed by Wick.2 Single particle helicity states, from which the angular momentum states are constructed, are defined by the action of a Lorentz boost in the 2 direction onto a particle at rest, followed by a rotation. In the spin zero case, this is equivalent to LM(2.5). Chapter 2 extends Wick's treatment to define another complete three-particle basis, which is used in Chapter 3 to develop the two-to three-body connection.
The resulting angular momentum conserving integral equations are presented in Chapter 4. Chapter 5 relates the solutions of these equations to the physical probability amplitude. Chapter 6 summarizes the results.
Three-Body States
A proceedure similar to that used to obtain W(17) is followed in order to obtain the matrix elements between states in the plane wave basis and states in the three-body angular momentum basis. A Lorentz transformation h(P), satisfying h(P) PO = P , is applied to W(24).3 Th en the operator acting on Iqlvl, q2 ~2, q3 X3) is
The rotation s is specified by pr, ~2, and p3 through (Fig. 1 ).
In the three-body angular momentum basis completeness involves an integration over In order to streamline the forthcoming equations, we adopt a matrix notaton.
Underlined symbols represent elements of (2.~1 + 1) (2.~2 + 1) (2~3 + 1) dimensional square matrices. The particular elements under consideration will be obvious from the context. Thus 
The operator scattering equations detailed in Ref. 1 will be evaluated in terms of matrix elements taken in the three-body angular momentum state basis. However, the connection between the two-body input and the three-body problem, developed for the scalar case in LM(Chap. 4), is easier to discuss in terms of another basis. We therefore define a new three-particle basis through the direct product of two-particle angular momentum states I&j m 0102) and single particle plane waves Ip3 03). Since the helicities in the two-particle angular 1" is defined by the condition that Z "-' transform P to rest and Pr2 to a vector in the direction of the positive z-axis. Therefore, it is a function of u and a". The amplitude is not explicitly invariant because the helicities of single particle plane waves are defined with respect to the frame of the observer. The probabilty amplitudes for breakup and coalescence are, just as in the scalar case, obvious extensions of (5.8) and (5.9).
Conclusion
The techniques of Ref. 1 have been extended to include the effects of angular momentum conservation and individual particle spin. The resulting angular momentum decomposed equations exhibit the same properties as the scalar equations: exact unitary and physical clustering.
